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METHOD FOR THE MANUFACTURE OF CARBON-CARBON COMPOSITE MATERIAL 

[Tanso-tanso fukugo zai no seizo hoho] 

Inventors: Seizo Ishikura et al. 

Applicant: Nissan Automobile Co., Ltd. 

Claim 

A method for the manufacture of carbon-carbon composite material, characterized by the 
fact that woven fabrics made of carbon fibers or raw material fibers of carbon fibers are 
laminated, this laminated body is heated in a hydrocarbon gas atmosphere to deposit pyrolysis 
carbon on the surface of the fibers mentioned previously; then, the impregnation treatment of a 
liquid pitch or a thermosetting liquid resin of the carbon raw material into the laminated body of 
the woven fabrics mentioned previously is carried out, and a carbonization treatment and a 
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graphitization treatment are carried out on the shaped body obtained by this impregnation 
treatment. 

Detailed explanation of the invention 

The present invention relates to a method for the manufacture of carbonaceous material 
reinforced with carbon fibers, that is, carbon-carbon composite material. 

Carbon-carbon composite material is lightweight (specific gravity 1.5-1.6 or so) and 
remarkably excellent in heat resistance (2500-3000°C). Furthermore, it has the property of high 
strength at a high temperature. It is extremely useful as a material for use in parts exposed to 
high heat, such as nozzle parts and so on for aircraft. Conventionally, this carbon-carbon 
composite material is manufactured through a process as shown in Figure 1. 

First of all, in the preforming process (1), a prepreg obtained by the impregnation of a 
phenol resin or other thermosetting resin (11) into woven fabrics (10) of carbon fibers is 
laminated according to its product shape, for example, a plate shape as shown in Figure 2 or a 
circular cylindrical shape as shown in Figure 3. This laminated body is heated to 100-240°C 
while it is being pressed to form a cured, shaped body. Next, in the carbonization treatment 
process (2), the cured, shaped body mentioned previously is slowly heated in the range of 
450-900^C to carry out the carbonization treatment. In the graphitization treatment process (3), it 
is slowly heated in the range of 2000-2900''C to carry out the graphitization treatment. In the 
shaped body in a porous state due to the generation of gases by the pyrolysis of the thermosetting 
resin (11) during the carbonization treatment and the graphitization treatment, a pitch material is 
impregnated in the pitch impregnation process (4). Furthermore, carbonization and graphitization 
are carried out again in the carbonization treatment process (5) and the graphitization treatment 
process (6). Moreover, the pitch impregnation, the carbonization treatment and the graphitization 
treatment are repeated until the specific gravity of the shaped body has reached the specified 
value (1.5-1.6 or so). When the specified specific gravity is reached, a shaped body as the 
carbon-carbon composite material is completed. 

However, in such a conventional manufacturing method, during the process of firing of 
the laminated body of the prepreg by the impregnation of the thermosetting resin (11) into the 
woven fabrics (10) of carbon fibers by slowly increasing the temperature from a relatively low 
temperature of 100-240''C or so to a high temperature of 2000-2900°C, crazing (interlayer 
spalling) occurs readily between layers without being reinforced with carbon fibers owing to the 
gas generation caused by the pyrolysis of the thermosetting resin (1 1), the shrinkage of the 
thermosetting resin (1 1), as well as the thermal stress generated inside the shaped body due to 
this shrinkage, and so on, especially in the carbonization treatment process (2) with a drasfic 
change in the composition inside the shaped body. If the thickness of the shaped body is 
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increased or its shape is complicated, the occurrence of crazing is markedly increased. There 
have been problems from numerous poor products to a very poor yield in the manufacture of the 
shaped body as the carbon-carbon composite material. 

In view of the problems described previously, the present invention has an objective to 
prevent crazing that occurs between laminates of carbon fibers during the process for the 
manufacture of carbonaceous material reinforced with carbon fibers, that is, carbon-carbon 
composite material. The gist of the present invention is that woven fabrics made of carbon fibers 
or raw material fibers of carbon fibers are laminated, this laminated body is heated in a 
hydrocarbon gas atmosphere to deposit pyrolysis carbon on the surface of the fibers mentioned 
previously; then, the impregnation treatment of a liquid pitch or a thermosetting liquid resin of 
the carbon raw material into the laminated body of the woven fabrics mentioned previously is 
carried out, and a carbonization treatment and a graphitization treatment are carried out on the 
shaped body obtained by this impregnation treatment. 

The present invention will be explained on the basis of application examples shown in 
attached figures in the following. 

First of all, as shown in Figure 4, woven fabrics (21) of carbon fibers are laminated to a 
specified shape. Then, the laminated woven fabrics (21) are stitched with flame-resistant fibers 
of polyaorylonitrile (PAN), that is, with stitching yams (22), to form a single body as the 
laminated body (20) of woven fabrics (21). 

Next, this laminated body (20) is heated in a hydrocarbon gas atmosphere to cause the 
deposition of pyrolysis carbon on the surface of the various woven fabrics (21) of the laminated 
body (20). Here, the treatment apparatus is shown in Figure 5, for example. 

In Figure 5, (30) is a heating fiimace provided with an induction heating apparatus (31). 
(32) is a cylinder filled with methane, propane, benzene or other hydrocarbon gas, (33) is an 
on-off valve, (34) is a regulator for maintaining the constant flow rate of the hydrocarbon gas, 
(35) is a flowmeter for monitoring the flow rate of the hydrocarbon gas, (36) is a cylinder filled 
with hydrogen gas or other carrier gas, (37) is an on-off valve, (38) is a regulator for maintaining 
the constant flow rate of the carrier gas, (39) is a flowmeter for monitoring the flow rate of the 
carrier gas, and (40) is a mixer for mixing the hydrocarbon gas and the carrier gas. The mixed 
gas obtained by the dilution of the hydrocarbon gas with the carrier gas from the mixer (40) is 
supplied to the heating furnace (30) via the mixed gas supply port (41). (42) is an exhaust port 
for avacuating gas from the inside of the heating furnace (30). 

Here, in the treatment apparatus as described previously, the laminated body (20) of 
woven fabrics (21) shown in Figure 4 is placed inside the heating furnace (30) and heated with 
the induction heating apparatus (31). On the other hand, the hydrocarbon gas, such as methane 
gas, delivered from cylinder (32) via the on-off valve (33) is adjusted to a specified flow rate 
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with the regulator (34). This methane gas is mixed with the carrier gas, such as hydrogen gas 
from the cylinder (36) adjusted to a specified flow rate with the regulator (38) via the on-off 
valve (37) in the mixer (40). This mixed gas is sent to the heating furnace (30) from the gas 
supply port (41). On the surface of the various woven fabrics (21) of the laminated body (20) in a 
heated state (900-2000''C), the methane gas in the mixed gas mentioned previously is pyrolyzed 
to form single bodies of carbon that are deposited on the carbon fiber surface of the woven 
fabrics (21). 

Next, the laminated body (20) of the woven fabrics (21) with pyrolysis carbon deposited 
in this manner is soaked in liquid pitch contained in a vessel made of stainless steel, for example. 
The laminated body (20) soaked in liquid pitch is heated under pressure in a vessel so that the 
pitch is impregnated inside the laminated body (20) and cured. The shaped body formed by this 
pitch impregnation treatment is then repeatedly subjected to the conventional carbonization 
treatment, graphitization treatment and the pitch impregnation treatment again shown in 
Figure 1. When the specified specific gravity is achieved, a shaped body as the carbon-carbon 
composite material is completed. 

By the manufacturing method as described previously, the pyrolysis carbon of methane, 
propane, benzene or other hydrocarbons is deposited on the carbon fiber surface of the woven 
fabrics (21). This pyrolysis carbon is bonded strongly with carbon fibers of the woven fabrics 
(21). At the same time, the pyrolysis carbon deposited on the carbon fiber surface of the woven 
fabrics (21) between laminates of the various woven fabrics (21) is mutually bonded, in 
particular, in small sections of crevices. Thus, the laminated body (20) has become a strong 
structural body. Furthermore, by covering carbon fibers of the various woven fabrics (21) with 
the pyrolysis carbon, the pitch can penetrate readily inside the laminated body (20). A shaped 
body with a high density can be obtained. For these reasons, even if the composition inside the 
shaped body changes drastically in the manufacturing process, especially the carbonization 
treatment process, for the carbon-carbon composite material, crazing (interlayer spalhng) inside 
the shaped body occurs in a difficult manner. Furthermore, the shear strength in the laminate 
plane direction for the completed product will also increase. 

Moreover, in the present application examples, since woven fabrics (21) with deposited 
carbon fibers are stitched with flame-resistant fibers of polyacrylonitrile (PAN), that is, with 
stitching yams (22) as carbon fibers, the mechanical reinforcing effect of the laminated body 
(20) is further increased. At the same time, the gases generated during the process for firing of 
the shaped body can easily leave the shaped body through the shortest paths in the plate 
thickness direction along the stitching yams (22). Furthermore, the heat due to firing is also 
conducted by the stitching yams (22) so that it easily escapes in the plate thickness direction. The 
temperature distribution inside the shaped body is made uniform. Therefore, in the process for 



the manufacture of the carbon-carbon composite material, crazing occurs with more difficulty. 
The shear strength of the completed product is also further increased. In this case, virtually the 
same effectiveness can be obtained by the formation of the stitching yams (22) with raw material 
fibers of carbon fibers, for example, polyacrylonitrile (PAN) fibers and rayon fibers themselves. 

Next, the crazing (interlayer spalling) occurrence situation and the shear strength of test 
bodies of the carbon-carbon composite material manufactured by the manufacturing method of 
the present invention are compared with those of the test bodies manufactured by the 
conventional manufacturing method, and are shown in Table 1. 

The confirmation of crazing was not checked by the naked eye alone. Alcohol was coated 
on the surface of the test body and its evaporation was observed. If there were portions with slow 
evaporation, the occurrence of crazing was judged because of the fact that alcohol penetrated 
into the cracks in these portions. 
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Key: 1 Application Example 

2 Conventional cases 

3 Composite material 

4 Laminated body 

5 Carbon fiber woven fabrics stitching yams 

6 Carbon fiber woven fabrics 

7 Carbon fiber woven fabrics 

8 Prepreg by the impregnation of a phenol resin in carbon fiber woven fabrics 
was laminated and preformed 



(1) 
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9 Hydrocarbon 
9A Methane 

9B Benzene 

1 0 Pyrolysis temperature of hydrocarbon 

1 1 Number of test bodies 

12 Number of test bodies with the occurrence of crazing 

1 3 Crazing occurrence ratio (%) 

1 4 Shear strength (kg/mm^) 

15 (1) Carbon fiber woven fabrics were T-300 #6343 cloth manufactured by 
TorayCo. 

(2) Stitching yams were yams consisting of 600 flame-resistant fibers of 
polyacrylonitrile (PAN) 

(3) Phenol resin was P-5010 manufactured by Dainippon Ink Co. 
*Test body shape: 150 mm x 150 nmi x 50 nun plate shape 

< 

After the carbon deposition treatment of the laminated bodies in Application Examples 1, 
2 and 3 in Table 1, the pitch impregnation treatment, the carbonization treatment and the 
graphitization treatment were repeated three times. Furthermore, in the conventional example, 
the laminated body of the prepreg was subjected to a heating treatment under a pressure of 
20 kg/cm^.in the autoclave at ISO^'C for 5 h and, furthermore, the pitch impregnation treatment, 
the carbonization treatment and the graphitization treatment were repeated three times. 

It is seen from the results shown in Table 1 that, if the shaped body of the carbon-carbon 
composite material is manufactured by carrying out the pitch impregnation treatment, the 
carbonization treatment and the graphitization treatment after the deposition of pyrolysis carbon 
on the surface of various woven fabrics of the laminated body of the carbon fiber woven fabrics, 
no crazing occurs inside the shaped body in its manufacturing process. The shear strength of the 
completed product in the laminate plane direction is also higher. than that made by the 
conventional manufacturing method. Moreover, if carbon fiber woven fabrics are stitched with 
stitching yams, it has been found that the shear strength, in particular, is increased remarkably. 

In the present application examples, woven fabrics of carbon fibers were laminated. 
However, they are not restricted to this. Woven fabrics of raw material fibers of carbon fibers, 
such as polyacrylonitrile (PAN) fibers and rayon fibers, can also be laminated. This is because of 
the fact that polyacrylonitrile fibers or rayon fibers are also carbonized in the carbonization 
treatment and the graphitization treatment of the manufacturing process for the carbon-carbon 
composite material. However, the lamination of the woven fabrics of carbon fibers gives a higher 
strength. Furthermore, in the laminated body of woven fabrics of carbon fibers or raw material 
fibers of carbon fibers, thermosetting resins of carbon raw materials, such as phenol resins and so 
on can also be impregnated instead of the liquid pitch. 



7 



According to the present invention as explained previously, woven fabrics made of 
carbon fibers or raw material fibers of carbon fibers are laminated, this laminated body is heated 
in a hydrocarbon gas atmosphere to deposit pyrolysis caibon on the surface of the fibers 
mentioned previously; then, the impregnation treatment of a liquid pitch or a thermosetting liquid 
resin of the carbon raw material into the laminated body of the woven fabrics mentioned 
previously is carried out, and a carbonization treatment and a graphitization treatment are carried 
out on the shaped body obtained by this impregnation treatment. As a result, crazing occurring 
between the laminates of the carbon fibers can be prevented. An effect can be achieved in which 
the shaped body can be manufactured at a good yield even if the shape of the carbon-carbon 
composite material to be formed is increased in size and is complicated. 

Moreover, the shear strength of the completed product in the laminate plane direction is 
also increased. 

Brief description of the figures 

Figure 1 is a block diagram showing a conventional process for the manufacture of 
carbon-carbon composite material. 

Figure 2 is an illustrative diagram showing an example of the laminated body of the 
prepreg in the conventional manufacturing process. 

Figure 3 is an illustrative diagram showing another example of the laminated body of the 
prepreg in the conventional manufacturing process. 

Figure 4 is an illustrative diagram showing an example of the laminated body of the 
carbon fiber woven fabrics in the manufacturing process related to the present invention. 

Figure 5 is an illustrative diagram showing an apparatus for the deposition of pyrolysis 
carbon on the surface of various woven fabrics of laminated bodies of carbon fiber woven 
fabrics. 

1... Preforming process, 2, 5...Carbonization treatment process, 3, 6... Graphitization treatment 
process, 4... Pitch impregnation process, 10, 2L.. Woven fabrics, 1 1... Thermosetting resin, 20... 
Laminated body, 22... Stitching yams, 30... Heating furnace, 31... Induction heating apparatus, 
32, 36... Cylinders, 33, 37...0n-off valves, 34, 38 ...Regulators, 35, 39... Flowmeters, 40...Mixer, 
4 1 ...Gas supply port, and 42.. .Exhaust port. 
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5. 

4, 



Figure 1 



Key: 1 Preforming 

2 Carbonization treatment 

3 Graphitization treatment 

4 Pitch impregnation 

5 Carbonization treatment 

6 Graphitization treatment 

7 (Completion) 




Figure 3 
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Figure 5 



